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(54) Cold cathode fluorescent lanfip and back-light emitting device and note-type personal
computer with said lamp

(57) There is provided a cold cathode fluorescent

lamp (50) including a transparent tube (35) having first

and second light-emitting areas (37a,37b) defined by
partitioning an inner space of the transparent tube at the
center, first and second terminal electrodes (31,34)
positioned in the first and secon d light-emitting areas,
respectively, first and second intermediate electrodes

(32.33) positioned in the first and second light-emitting

areas, and facing the first and second terminal elec-

trodes, respectively, first and second lead-in wires

FIG. 6

(36a,36b) connected to the first and second terminal

electrodes, respectively, and lead-in wires (36c.36d)
connected to the first and second intermediate elec-

trodes. The above-mentioned cold cathode fluorescent
lamp makes it possible to lower a break-down voltage
and a discharge voltage down to about halves of them in

a conventional fluorescent lamp, and hence, discharged
electrons are not attracted to a metal part.
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Description

BACKGROUND OF THE INVEN-nQM

HELD OF THE INVENTION

[0001 1 The invention relates to a cold cathode fluores-
cent lamp suit^e for a liquid crystal display, and further
to a back-light emitting device having the cold cathode
fluorescent lamp, and still further to a note-type per-
sonal computer having the back-light emitting device.

DESCRIPTION OF THE PRIOR ART

[0002] In these days, a liquid crystal display mounted
on a note-type personal computer is required to have
800 X 600 pixels or 1024 x 768 pixels both having a high
resolution. Along with an increase in a resolution, a liq-

uid crystal display becomes larger in size. For instance,
a size of a liquid crystal display screen has changed
from 12.1 to 13,3. and then, from 13.3 to 14.1.

[0003] However, a note-type personal computer has a
restriction that a size thereof does not exceed A4 size or
A4 file size. In addition, a note-type persona! computer
is required to have a smaller weight. As a result, there
are many problems to be solved with respect to a liquid

crystal display to be mounted on a note-type personal
computer.

[0004] The first problem is that a liquid crystal display
has to have a smaller thickness and a smaller weight.
[0005] The second problem is that a distance between
a liquid crystal screen and an outer edge of a liquid

crystal display is shortened in order to make it possible
to incorporate a larger screen into a limited floor area of
a note-type personal computer. In other words, a
smaller-framed screen is required.

[0006] The third problem is that an arrangement of

parts except a liquid crystal display, such as an inverter,

is altered to thereby prevent an increase in a floor area
of a note-type personal computer.

[0007] Figs. 1 and 2 partially illustrate conventional
note-type personal computers.

[0008] The conventional note-type personal computer
illustrated in Fig. 1 is comprised of a first body 16a
including a structure acting as a computer and an input

means such as a keyboard, a second body 16b includ-

ing a display screen 17 which has an outer periphery 15
and on which images are displayed, a hinge structure
1 1 formed between the first and second bodies 1 6a and
16b for connecting the second body 16b to the first body
16a so that the second body 16b is rotatable relative to
the first body 16a. an inverter 12 housed in the hinge
stnjcture 1 1 almost at the center, and a cold cathode
fluorescent lamp 5 housed in the second body 16b at a
bottom.

[0009] The cold cathode fluorescent lamp 5 includes
first and second terminal electrodes 1 and 4 at opposite
ends. The first terminal electrode 1 is electrically con-

nected to a low voltage cable 10 through both a lead-in
wire 6a and a thin wire 7. and the low voltage cable 10
is connected to a low voltage terminal 1 4 of the inverter

12. The second terminal electrode 4 is electrically con-
5 nected to a high voltage cable 9 through a lead-in wire

6b, and the high voltage cable 9 is connected to a high
voltage terminal 13 of the inverter 12.

[001 0] The conventional note-type personal computer
illustrated in Rg. 2 has the same structure as that of the

10 note-type personal computer illustrated in Fig. 1. The
note-type personal conputer illustrated in Fig. 1 is dif-

ferent from the note-type personal computer illustrated

in Rg. 2 with respect to a location of a wire port 8
through which low arrd high voltage cables 9 and 10

IS extend. Specifically, the second body 16b of the note-
type personal computer illustrated in Fig. 1 is formed at
a bottom corner with the wire port 8, whereas the sec-
ond body 16b of the note-type personal computer illus-

trated in Rg. 2 is formed at a center of a bottom edge
so with the wire port 8.

[001 1 ] The reasons why it is difficult to render a frame
around the display screen smaller are in a conventional
note-type personal computer as follows. If a frame
around the display screen is made smaller, the cold

25 cathode fluorescent lamp 5 is located just in the close
vicinity of. or at the rear of the display screen 1 7. Hence,
when the cold cathode fluorescent lamp 5 is turned on.
fluorescent lights pass directly through the display
screen 17. In addition, there has to exist a space just

30 below the display screen 17 for housing therein wires
connecting the first and second terminal electrodes 1

and 4 to the inverter 12. Hence, the cold cathode fluo-

rescent lamp cannot avoid to be located closer to the
display screen 17 by a distance corresponding to the

35 above-mentioned space, which makes it more difficult to
form the frame smaller.

[0012] As a solution to the above-mentioned prob-
lems, there is enrtployed the thin wire having a diameter
of about 0.3 mm for connecting the lead-in wire 6a and

40 the low voltage cable 10, to thereby narrow the above-
mentioned space for locating the cold cathode fluores-
cent lamp 5 remoter from the display screen 1 7.

[0013] If the display screen 1 7 is made larger in size,

a back-light emitting device has to be made larger
45 accordingly and as a result, a cold cathode fluorescent

lamp as a back-light source has to be made longer
accordingly.

[0014] A cold cathode fluorescent lamp is presently
widely used as a back-light source for a liquid crystal

so display, because a cold cathode fluorescent lamp has
many advantages that it generates a small amount heat,
it has a relatively long lifetime, and an electrode struc-
ture is simple, and hence is able to be formed smaller,
contributing to formation of a liquid crystal display in a

55 smaller size.

[0015] However, if a cold cathode fluorescent lamp
were designed to have a smaller diameter and a longer
length, a break-down voltage and a discharge voltage

i
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would be both increased. Specifically, if a display screen
has a width across corners of 1 4 inches, a cold cathode
fluorescent lamp would have a length exceeding 280
mm, and a breakdown voltage and a discharge voltage

of a cold cathode fluorescent lamp having a diameter of

2.0 mm would reach about 1200 Vrms and 650 Vrms,
respectively.

[001 6] A hot cathode fluorescent lamp has a lower dis-

charge voltage than that of a cold cathode fluorescent

lamp, but has shortcomings that a filament electrode

emitting thermoeledrons which cause light-emission

generates heat, a hot cathode fluorescent lamp cannot
be formed smaller in diameter because electrodes can-

not be formed smaller in size, and a hot cathode fluores-

cent lamp has a short lifetime. Accordingly, a hot

cathode fluorescent lamp is scarcely used as a back-
light source of a liquid crystal display used for a note-

type personal computer.

10017] As mentioned earlier, the note-type personal
computer illustrated in Fig. 1 employs the thin wire 7 for

connecting the lead-wire 6a to the low voltage cable 10
in order to make a frame arourKl the display screen 1

7

smaller. However, since the high and low voltage cables

9 and 10 are designed to extend through the wire port 8
formed a t a corner of the second body 16b. there is

paused a problem that those high and low voltage

cables 9 and 10 cause the second body 16b larger in

size.

[0018] The reason is as follows. The high voltage

cable 9 has to have a high resistance to high voltages,

and hence, cannot avoid to have a relatively large diam-
eter. For this reason, if the wire port 8 through which the
high voltage cable 9 is introduced is formed at a corner
of the second body 16b, it would be necessary to make
a space A between the second body 16b and the outer
periphery 15 of the display screen 17 for housing the
cables 9 and 10 therein. As a result, the second body
1 6b cannot avoid to become larger in size to a degree
corresponding to the space A.

[001 9] In the note-type personal computer illustrated

in Fig. 2. the wire port 8 through which the high and low
voltage cables 9 and 10 are introduced is formed at a
center of a bottom edge of the second body 1 6b. Hence,
a space for housing the high and low voltage cables 9
and 10 therein, such as the space A illustrated in Fig, 1

,

is cancelled by the hinge structure 11, and thus, the
above-mentioned problem about the space A is solved
in the note-type personal computer illustrated in Fig. 2.

[0020] However, the note-type personal computer
illustrated in Fig. 2 is accompanied with a problem that
it is impossible to form a frame around the display

screen 1 7 smaller due to the formation of the wire port 8
at the center of the bottom edge of the second body
16b.

[0021] The reason is as follows. The high voltage

cable 9 is required to have a relatively large diameter in

order to withstand high voltages. Hence, the note-type

personal computer has to form a space B for housing

the high voltage cable 9 therein. The space B is longer

than the space A illustrated in Fig. 1. Hence, the second
body 16b cannot avoid to become larger in size to a
degree corresponding to the space B.

5 [0022] As explained so far, it is quite difficult or almost
impossible in the conventional note-type personal com-
puter to concurrently accomplish formation of a smaller

frame around the display screen 17 and prevention of

the second body 16b from becoming larger in size.

10 [0023] In addition, if the cold cathode fluorescent

lamps used in the conventional note-type personal com-
puter illustrated in Figs. 1 and 2 are formed long, it

would be difficult to design an insulating structure

around the electrodes 1 and 4, and make the inverter 12
75 in a smaller size.

[0024] The reason is as follows. If a cold cathode flu-

orescent lamp is formed long, a break-down voltage

and a discharge voltage are both increased, resulting in

that discharged electrons tend to be attracted to a metal
20 located in the vicinity of the cold cathode fluorescent

lamp. Thus, it would be quite difficult to completely insu-

late the electrodes from surroundings.

[0025] In addition, the inverter 12 has to have a great

step-up ratio in order to emit a greater output voltage. A
25 Step-up ratio of an electro-magnetic transformer is in

dependence on the number of turns of copper wires

wound around a core. Hence, if a step-up ratio is to be
increased, the number ratio of copper wire turns

becomes greater, resulting in that an electromagnetic
30 transformer cannot avoid becoming larger in size.

[0026] Japanese Unexamined Utility Model Publica-

tions Nos. 6-84670 and 6-84671 have suggested a
multi-electrode fluorescent lamp, which is illustrated in

Fig. 3. The suggested multi-electrode fluorescent lamp
35 is comprised of a glass tube 21 having a main portion

21a and a projected portion 21b, a first terminal elec-

trode 1 fixed at an end of the main portion 2 1 a by means
of a first base 20a, a second terminal electrode 4 fixed

at the other end of the main portion 21b by means of a
40 second base 20b. an intermediate terminal 19 fixed at

an end of the projected portion 21b by means of a third

base 20c, and a first lead-in wire 6a connected to the
first terminal electrode 1 through the first base 20a. a
second lead-in wire 6b connected to the second termi-

45 nal electrode 4 through the second base 20b, and a
third lead-in wire 6c connected to the intermediate elec-

trode 19 through the third base 20c.

[0027] The above-mentioned multi-electrode fluores-
cent lamp has a problem that the electrodes 1 , 4. and 19

50 occupy a large space, which prevents a frame around
the display screen 17 from becoming smaller.

[0028] The reason is as follows. As illustrated in Fig.

3, the intermediate electrode 1 9 is positioned in the pro-

jected portion 21b of the glass tube 21 , and is fixed to

55 the projected portion 21b by means of the third base
20c. The presence of the projected portion 21b and the
third base 20c causes a frame around the display

screen 1 7 to become larger in size.
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[0Q29] In addition, above-mentioned multi-electrode
fluorescent lamp further has a problem that it is quite
difficult to design the lamp to have a smaller diameter,
because the electrodes 1 , 4, and 19 are In the form of a
hot cathode fluorescent lamp.

^

[0030] The reason is as follows. An electrode used in

a hot cathode fluorescent lanp is comprised of a fila-

ment electrode for emitting thermoelectrons. Hence,
each of the bases 20a» 20b. and 20c have to have two
pins as terminals to connect to the electrodes 1 , 1 4, and to
1 9. respectively. As a result a large space Is required to
arrange the filament electrode and the associated base,
and accordingly, it Is difficult to make a diameter of the
lamp smaller.

[0031] Japanese Unexamined Patent Publication No, is
8-273604 has suggested a planar fluorescent lamp. Fig.

4 is a cross-sectional view of the suggested planar fluo-
rescent lamp, and Fig. 5 is a cross-sectional view taken
along the line V-V in Fig. 4.

[0032] The suggested planar fluorescent lamp is com- 20
prised of a hermetically sealed container 30, a first ter-

minal electrode 1 having a length almost equal to a
height of the container 30, and located at an end of the
container 30. a second terminal electrode 4 having a
length almost equal to a height of the container 30. and 25
located at the other end of the container 30. a central
electrode 19 having a length almost equal to a height of

the container 30. and positioned at the center between
the first and second terminal electrodes 1 and 4, lead-in
wire pairs 6 each connected to the electrodes 1 , 4, and 30

19 at opposite ends, an inverter 12, a high voltage cable
9 connecting the central electrode 19 to a high voltage
terminal 13 of the inverter 12, and a low voltage cable
1 0 connecting the first and second terminal electrodes 1

and 4 to a low voltage terminal 1 4 of the inverter 12. 35

[0033] How&/er, the above-mentioned planar fluores-

cent lamp is accompanied with a problem that it does
not contribute to formation of a liquid crystal display in a
smaller size and a smaller weight.

[0034] The reason is as follows. In general, a pressure 40
in a fluorescent lamp is se^en to eight times smaller
than an atmospheric pressure. Specifically, a pressure
in a fluorescent lamp is in the range of about 90 to about
100 Tonr, whereas an atmospheric pressure (1 atm) is

equal to 760 Torr. Hence, when a large surface light 45
source is to be formed, it is necessary for both a front

glass panel 22 and a rear glass panel 23 to have a cer-
tain thickness for having a sufficient strength in order to
keep an inner gap of the container 30 constant, even if

an external pressure acts on the container 30. As a so

result, a liquid crystal display including the container 30
having a thick outer wall and a heavy weight cannot be
formed thinner and lighter.

[0035] Masaki Kinoshita has discussed characteristics
required for a liquid crystal display in "Uquid Crystal 55
with Back-Light required for Note-type Personal Compu-
ter", Monthly "Display", Vol. 6. pp. 94-100. June 1997.
According to this article, a back-light emitting device

856 A1 6

used for liquid crystal module is required to have a rela-
tively long lifetime, a low power consumption rate, a
smaller thickness, a smaller weight, and a smaller frame
around a display screen. A minimum frame is about 4
mm.

[0036] Akio Obara has discussed requirements for a
back-light emitting device, and compared a hot cathode
fluorescent lamp to a cold cathode fluorescent lamp to
be used for a back-light source, in "Status and Problems
in Back-Light used for Uquid Crystal Display", fOlonthly

"Display". Vol. 5. pp. 19-27. f^ay 1998.

SUMMARY OF THE INVEMTIQM

[0037] In view of the above-mentioned problems of a
cold cathode fluorescent lamp used in the conventional
note-type personal computer, it is an object of the
present invention to provide a cold cathode fluorescent
lamp which is capable of narrowing a space for housing
wires therein to thereby make it possible to form a frame
around a display screen smaller without allowing a per-
sonal computer to become larger in size, and further of

forming a high voltage cable as short as possible to
thereby prevent abnormal discharge.

[0038] Another object of the present invention is to
provide a cold cathode fluorescent lamp which is capa-
ble of lowering both a breakdown voltage and a dis-

charge voltage, even if a cold cathode fluorescent lamp
is formed longer, to thereby remove difficulty in design-
ing an insulating structure around electrodes of a cold
cathode fluorescent lanp. and an inverter.

[0039] A further object of the present invention is to

provide a cokl cathode fluorescent lanp which is capa-
ble of being used for a large-sized back-light emitting
device without an output voltage of an inverter being
increased.

[0040] It is also an object of the present invention to
provide a back-light emitting device and a note-type per-
sonal computer accomplishing the same as mentioned
at>ove.

[0041 ] In one aspect, there is provided a cold cathode
fluorescent lamp including a cold cathode fluorescent
lamp comprising: a transparent tube; electrodes sup-
ported in the transparent tube; and lead-in wires con-
nected to the electrodes, characterized by that the
transparent tube Includes first and second light-emitting

areas defined by partitioning an inner space of the
transparent tube, the electrodes include (a) a first termi-
nal electrode positioned in the first light-emitting area
and at a longitudinal end of the first light-emitting area
located closer to an end of the transparent tube, (b) a
second terminal electrode positioned in the second
light-emitting area and at a longitudinal end of the sec-
ond light-emitting area located closer to the other end of
the transparent tube, (c) a first intermediate electrode
positioned in the first light-emitting area and at the other
longitudinal end of the first light-emitting area, and (d) a
second intermediate electrode positioned In the second
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light-emitting area and at the other longitudinal end of

the secx>nd light-emitting area, and the lead-in wires

include (a) a first lead-in wire connected to the first ter-

minal electrode through the longitudinal end of the first

light-emitting area, (b) a second lead-in wire connected 5
to the second tenninal electrode through the longitudi-

nal end of the second light-emitting area, (c) a third

lead-in wire connected to the first intermediate elec-

trode through the other longitudinal end of the first light-

emitting area, and (d) a fourth lead-in wire connected to 10

the second intermediate electrode through the other

longitudinal end of the second light-emitting area.

[0042] In another aspect of the present invention,

there is provided a back-fight emitting device including

(a) a light guide plate, and (b) the eibove-mentioned cold 15

cathode fluorescent lamp positioned adjacent to an end
surface of the light guide plate.

[0043] In still another aspect of the present invention,

there is provided a personal computer including (a) a
first body including a structure acting as a computer, (b) 20
a second body including a liquid crystal display screen,

(c) a hinge structure for connecting the second body to

the first body so that the second body is rotatable rela-

tive to the first body, (d) an inverter positioned in the

hinge structure and occupying either half of inner space 25

of the hinge structure, (e) the above-mentioned cold

cathode fluorescent lamp housed in the second body,

and (f) connection wires for connecting the first and sec-

ond lead-in wires to the inverter through a wire port

formed at the second body. 30

[0044] The advantages obtained by the aforemen-
tioned present invention will be described hereinbelow.

[0045] The first advantage is that since a break-down
voltage and a discharge voltage in the cold cathode flu-

orescent lamp in accordance with the present invention 35

is about half of those in a conventional cold cathode flu-

orescent lamp, discharged electrons are never attracted

from the electrodes to metal located in the vicinity of the
electrodes the cold cathode fluorescent lamp. Hence, it

is possible to prevent a cold cathode fluorescent lamp 40

from not turning on due to discharge.

[0046] The reason is as follows. In the cold cathode
fluorescent lamp in accordance with the present inven-

tion, a low level voltage is applied to the terminal elec-

trodes, whereas a high level voltage is applied to the 45

intermediate electrodes. As a result, a discharge dis-

tance in the inventive cold cathode fluorescent lamp is

about a half of a discharge distance in a conventional

cold cathode fluorescent lamp having electrodes only at

opposite ends, assuming the inventive and conventional so

cold cathode fluorescent lamps have the same length.

[0047] The second advantage is that a small-sized

step-up component can be used without an increase in

an output voltage of an inverter, and hence, it is possible
to form an inverter in a smaller size. 55

[0048] The reason why a component having a high

step-up ratio is no longer necessary to be used is that it

is no longer necessary to increase an output voltage of

an inverter connected to a cold cathode fluorescent

lamp, because both a break-down voltage and a dis-

charge voltage are lowered. A step-up ratio is in

dependence on a number ratio of turns of copper wires

wound around a core in an electromagnetic transformer.

The greater a number ratio is. the greater a step-up ratio

is. and hence, a larger a step-up component is in size.

Accordingly, the smaller a step-up ratio is, the srnailer a
step-up component is, which makes it possible to form
an inverter in a smaller size.

[0049] The third advantage is that since a low level

voltage is applied to the terminal electrodes of the cold

cathode fluorescent lamp, there can be used a wire hav-

ing a small thickness and a low resistance to a high volt-

age, as a cable to be housed in a liquid crystal display.

This ensures a smaller frame around a display screen.

[0050] The reason is as follows. The thin wire to be
used in the present invention is comprised of a foil-like

electrical conductor, and an insulator with which the foil-

like electrical conductor is covered. Hence, the thin

wires are spaced away from each other by a gap of

about 0,5 mm, for instance. A conventional cold cathode
fluorescent lamp uses a wire comprised of an electrical

conductor formed by twisting strands, and an insulator

with which the electrical conductor is covered. The thin

wire used in the present invention makes it possible to

omit a space for housing a wire therein in comparison
with a wire used in a conventional cold cathode fluores-

cent lamp. In addition, since a high level voltage is

applied to the intermediate electrodes, it is not neces-
sary to form the high voltage cable longer, which pre-

vents abnormal discharge caused by a long cable, and
facilitates a smaller frame around a display screen.

[0051] The fourth advantage is that it is possible to

acconplish a smaller frame around a display screen,
which could not be accomplished in a conventional

note-type personal computer, even though a wire port

thorough which a cable is introduced is formed at the
center of a side edge of a personal computer, in a edge
light type surface light source including the cold cathode
fluorescent lamp in accordance with the present inven-

tion.

[0052] In addition, since the wire port is located at the
center of a side edge of a personal computer, a space
for housing cables extending from the second body can
be cancelled with the hinge structure, which ensures
prevention of a floor area of a personal computer from
becoming larger.

[0053] The fifth advantage is that the two intermediate
electrodes each forming a light emitting section share a
lead-in wire, which reduces the number of lead-in wires,

and which makes it no longer necessary to prepare a
plurality of inverters for each of light emitting sections.
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BRIEF DESCRIPTION OF THE DRAWIMf^g

[0054]

Fig. 1 is a front view Illustrating a note-type per-
sonal computer Including a conventional cold cath-
ode fluoresce lamp.

Rg. 2 is a front view illustrating another note-type
personal computer including a conventional cold
cathode fluorescent lamp.

Rg. 3 is a front view Illustrating a conventional hot
cathode fluorescent lamp including an intermediate
electrode.

Rg. 4 is a cross-sectional view taken along a light-

emitting plane of a conventional planar fluorescent
lamp.

Rg. 5 is a cross-sectional view taken along the line

V-V.

Rg. 6 is a front view illusfrating a cold cathode fluo-

rescent lamp in accordance with a preferred
embodiment of the present invention.

Rg. 7 is a front view illustrating a note-type per-
sonal computer including the cold cathode fluores-
cent lamp illustrated in Fig. 6.

Fig. 8 is a cross-sectional view illusfrating a back-
light emitting device including the cold cathode flu-

orescent lamp in accordance with the present
invention.

Rg. 9 is a graph showing a voltage profile in a cold
cathode fluorescent lamp in accordance with a pre-
ferred enrbodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0055] Rg. 6 illusfrates a cold cathode fluorescent
lamp in accordance with an embodiment of the present
invention.

[0056] The cold cathode fluorescent lamp 50 includes
a transparent glass tube 35 in which first and second
light-emitting areas 37a and 37b are defined by parti-

tioning an inner space of the glass tube 35 at the center.

The first and second light-emitting areas 37a and 37b
extend to longitudinal ends of the fransparent glass tube
35. The transparent glass tul>e 35 is a straight tube hav-
ing a sfraight axis arrcl a certain length, and has a circu-

lar cross-section. Though not illustrated in Fig. 6.

fluorescent material is applied to an inner surface of the
transparent glass tube 35.

[0057] The cold cathode fluorescent lamp 50 further
includes a first terminal electrode 31 positioned in the
first light-emitting area 37a and at a longitudinal end of
the first light-emitting area 37a located closer to an end
35a of the fransparent glass tube 35. a second terminal
elecfrode 34 positioned in the second light-emitting area
37b and at a longitudinal end of the second light-emit-

ting area 37b located closer to the other end 35b of the
glass tube 35, a first intermediate electrode 32 posi-

tioned in the first light-emitting area 37a and at the other
longitudinal end of the first light-emitting area 37a, a
second intermediate electrode 33 positioned in the sec-
ond light-emitting area 37b and at the other longitudinal

5 end of the second light-emitting area 37b, a first lead-in
wire 36a connected to the first terminal elecfrode 31
through ttie longitudinal end of the first light-emitting

area 37a. a second lead-in wire 36b connected to the
second terminal electrode 34 through the longitudinal

10 end of frie second light-emitting area 37b, a third lead-in
wire 36c connected to the first intermediate electrode
32 ttirough the other longitudinal end of the first fight-

emitting area 37a. and a fourth lead-in wire 36d con-
nected to the second intermediate electrode 33 through

75 the other longitudinal end of the second light-emitting

area 37b.

[0058] The first terminal electrode 31 . the second ter-

minal elecfrode 34. the first intermediate electrode 32,
and the second intermediate electrode 33 are fixed to

30 the glass tube 35. Specifically, the first terminal elec-
frode 31 is fixed to a thick-walled portion 35c located at
an end of the glass tube 35, the second terminal elec-
frode 34 is fixed to a thick-walled portion 35d located at
the other end of the glass tube 35. and the first and sec-

25 ond intermediate electrodes 32 and 33 are fixed to a
thick-walled portion 35e located at the center of the
glass tube 35.

[0059] Those electrodes 31 . 32. 33. and 34 are fixed
to the glass tube 35 by fixing a glass ball around each of

30 the lead-in wires 36a, 36b. 36c, and 36d. inserting the
lead-in wires 36a, 36b, 36c. and 36d into the glass tube
35. heating the glass balls to thereby melt the glass
balls, cooling the molten glass balls to thereby fix the
lead-in wires 36a, 36b. 36c, and 36d to the glass tube

35 35 through ttie cured glass balls. Hence, it is no longer
necessary to prepare a base for fixing an elecfrode to a
glass tube unlike the conventional hot cathode fluores-
cent lamp illusfrated in Rg. 3. The alDove-mentioned
steps for fixing ttie electrodes 31. 32, 33. and 34 to the

40 glass tube 35 further separates an inside of the glass
tube 35 from an outside thereof, and hermetically seals
an inside of the glass tube 35 for preventing external air

from entering the glass tube 35.

[0060] The third and fourth lead-in wires cooperate
45 with each other to form a T-shaped wire, as illustrated in

Fig. 6. Specifically, the first intermediate elecfrode 32 is

connected to an end of a first portion 38a of the T-

shaped wire extending in parallel with a longitudinal axis
of the glass tube 35 so that the first intermediate elec-

50 trode 32 faces the first terminal elecfrode 31. The sec-
ond intermediate electrode 33 is connected to the other
end of the first portion 38a of the T-shaped wire so that
ttie second intermediate elecfrode 33 faces the second
terminal elecfrode 34. A second portion 38b of ttie T-

55 shaped wire perpendicularly extends from the first por-
tion 38a at the center.

[0061] Discharge for emitting lights is generated
between facing electrodes, namely, between the first
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terminal electrode 31 and the first intermediate terminal

32, and between the second terminal electrode 33 and
the second intermediate terminal 33.

[0062] A distance between the first terminal electrode

31 and the first intermediate electrode 32 both defining

the first light-emitting area 37a therebetween is

designed to be equal to a distance between the second
terminal electrode 34 and the second intermediate elec-

trode 33 defining the second light-emitting area 37b
therebetween, in order to equalize discharge voltages in

the first and second light-emitting areas 37a and 37b.

[0063] When a high level voltage is applied to the first

and second intermediate electrodes 32 and 33, and a
low level voltage is applied to the first and second termi-

nal electrodes 31 and 34, residual electrons existing in

the glass tube 35 are attracted to the first and second
terminal electrodes 31 and 34, and collide with the first

and second terminal electrodes 31 and 34. As a result,

secondary electrons are emitted from the first and sec-
ond terminal electrodes 31 and 34, which means dis-

charge starts between the first terminal electrode 31

and the first intermediate electrode 32. and between the
second terminal electrode 34 arwJ the secord intermedi-

ate electrode 33. Hence, the electrodes 31. 32, 33, and
34 may have any shape, unless secondary electrons

are efficiently emitted into the first and second light-

emitting areas 37a and 37b, and the electrodes 31 . 32.

33. and 34 do not prevent the cold cathode fluorescent
lamp 50 from being made in a smaller diameter. It is not
necessary for the electrodes 31, 32, 33, and 34 to have
a form of a filament for emitting hot electrons therefrom,
unlike a hot cathode fluorescent lamp.

[0064] Since the lead-in wires 36a, 36b, 36c. and 36d
are used only for applying a high or low level voltage to
the electrodes 31, 32, 33. and 34 therethrough, each of

the electrodes 31, 32, 33. and 34 is equipped with at

least one lead-in wire. It is not always necessary for

each of the electrodes 31 . 32. 33. and 34 to have two or
more lead-in wires.

[0065] The glass tube 35 in the akx)ve-mentioned
embodiment may be L-shaped, U-shaped, or crank-
shaped, unless the glass tube 35 satisfies the above-
mentioned requirements. It is not always necessary for

the glass tube 35 to have a form of a straight tube.

[0066] Fig. 7 illustrates a note-type personal computer
including a back-light emitting device having the above-
mentioned cold cathode fluorescent lamp 50 as a com-
ponent. Fig. 8 is a cross-sectional view taken along the
line VIII-VIII in Fig. 7.

[0067] With reference to Fig. 7. the note-type personal
computer is comprised of a first body 46a including a
structure acting as a computer and an input means
such as a keyboard (not illustrated), a second body 46b
including a display screen 47 which has an outer periph-
ery 45 and on which images are displayed, a hinge
structure 41 formed between the first and second bod-
ies 46a and 46b for connecting the second body 46b to
the first body 46a so that the second body 46b is rotata-

ble relative to the first body 46a, an inverter 42 housed
in the hinge structure 41 almost at the center, and the
cold cathode fluorescent lamp 50 housed in the second
body 46b at a bottom.

5 [0068] The first terminal electrode 3 1 of the cold cath-
ode fluorescent lamp 50 is electrically connected to a
low voltage cable 40 through both the first lead-in wire

36a and a thin wire 49. and the low voltage cable 40 is

connected to a tow voltage terminal 44 of the Inverter

TO 42. Similarly, the second terminal electrode 34 is electri-

cally connected to the low voltage cable 40 through both
the second lead-in wire 36b and the thin wire 49. The
first and second intermediate terminals 32 and 33 of the

cold cathode fluorescent lamp 50 are electrically con-
T5 nected to a high voltage cable 39 through the third and

fourth lead-in wires 36c and 36d. the high voltage cable

39 is connected to a high voltage terminal 43 of the
inverter 42.

[0069] As illustrated in Fig. 7, the inverter 42 occupies
20 a left half in an inner space of the hinge structure 41 . A

wire port 48 through which the thin wires 49 and the

third and fourth lead-in wires 36c and 36d are con-
nected to the high and low voltage cables 39 and 40 is

formed at the center of a bottom edge of the second
25 body 46b.

[0070] It should be noted that the inverter 42 may
occupy a right half in an inner space of the hinge struc-

ture 41.

[0071 ] Fig. 8 is a cross-sectional view taken along the
30 line VIII-VIII in Fig. 7. As illustrated in Fig. 8. the cold

cathode fluorescent lamp 50 is positioned just below an
end surface of a light guide plate 59 constituting the dis-

play saeen 47, and is surrounded by a reflector 54.

Lens sheets 58 are located in front of the light guide
35 plate 59. and a reflection sheet 57 is located at the rear

of the light guide plate 59. First and second outer covers
55 and 56 cover the reflection sheet 57 and the reflector

54. but does not cover the lens sheets 58.

[0072] As illustrated in Fig. 8, the thin wire 49 is posi-

40 tioned below and along the cold cathode fluorescent
lamp 50 between the reflector 54 and the outer covers
55 and 56. In this embodiment, the thin wire 4? is com-
prised of a foil-shaped electrical conductor, and an insu-

lator covering the foil-shaped electrical conductor
45 therewith. The foil-shaped electrical conductor is

designed to have a thickness and a width in depend-
ence on a current flowing through the cold cathode fluo-

rescent lamp 50 and so that the foil-shaped electrical

conductor is not broken, even when the thin wire 49 is

so bent and/or stretched.

[0073] Fig. 9 illustrates a voltage profile of the above-
mentioned cold cathode fluorescent lamp 50 illustrated

in Fig. 6. As mentioned earlier, a lower level voltage is

applied to the first and second terminal electrodes 31
55 and 34, and a higher level voltage is applied to the first

and second intermediate electrodes 32 and 33. It is

supposed that locations of the electrodes 31. 32. 33,
and 34 are represented with letters A. B. C. and D. as
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Illustrated in Rg. 6. A voltage linearly increases from
zero to a discharge voltage V between A and B. is kept
constant between B and C. and linearly decreases from
the discharge voltage V to zero.

Claims
^

1
.

A co!d cathode fluorescent lamp (50) comprising: a
transparent tube; electrodes supported in the trans-
parent tube; and lead-in wires connected to the to

electrodes,

characterized by that

the transparent tube (35) includes first and sec-
ond light-emitting areas (37a. 37b) defined by is
partitioning an inner space of the transparent
tul>e (35) at the center, and extending to longi-
tudinal ends (35c, 35d) of the transparent tube
(35).

the electrodes include (g) a first terminal elec- so
trode (31) positioned in the first light-emitting

area (37a) and at a longitudinal end of the first

light-emitting area (37a) located doser to an
end (35a) of the transparent tube (35). (b) a
second terminal electrode (34) positioned in 25
the second light-emitting area (37b) and at a
longitudinal end of the second light-emitting

area (37b) located closer to the other end (35b)
of the transparent tube (35), (c) a first interme-
diate electrode (32) positioned in the first light- 30
emitting area (37a) and at the other longitudinal
end of the first light-emitting area (37a), and (d)

a second intermediate electrode (33) posi-
tioned in the second light-emitting area (37b)
and at the other longitudinal end of the second ss
light-emitting area (37b). and
the lead-in wires include (a) a first lead-in wire
(36a) connected to the first terminal electrode
(31) through the longitudinal end of the first

light-emitting area (37a), (b) a second lead-in 4o
wire (36b) connected to the second terminal
electrode (34) through the longitudinal end of
the second light-emitting area {37b), (c) a third

lead-in wire (36c) connected to the first inter-

mediate electrode (32) through the other longi- 45
tudinal end of the first light-emitting area (37a).
and (d) a fourth lead-in wire (36d) connected to
the second intermediate electrode (33) through
the other longitudinal end of the second light-

emitting area (37b). so

2. The cold cathode fluorescent lamp as set forth in
claim 1. wherein said inner space of said transpar-
ent tube (35) is partitioned at the center, and said
first and second light-emitting areas (37a. 37b) ss
extend to longitudinal ends (35a, 35b) of said trans-
parent tube (35).

3. The cold cathode fluorescent lanrp as set forth in

claim 1. wherein the third and fourth lead-in wires
(36c, 36d) form a T-shaped wire.

4. The cold cathode fluorescent lamp as set forth in

daim 1
, 2 or 3, wherein a distance between the first

terminal electrode (31) and the first intermediate
electrode (32) is equal to a distance between the
second terminal electrode (34) and the second
intermediate electrode (33).

5. A back-light emitting device comprising: (a) a light

guide plate (59): and (b) a cold cathode fluorescent
lanrp (50) positioned adjacent to an end surface of
the light guide plate (59).

the cold cathode fluorescent lamp (50) includ-
ing a transparent tube, electrodes supported in

the transparent tube, and lead-in wires con-
nected to the electrodes,

characterized by that

the transparent tube (35) indudes first and sec-
ond light-emitting areas (37a, 37b) defined by
partitioning an inner space of the transparent
tube (35) at the center, and extending to longi-

tudinal ends (35a. 35b) of the transparent tube
(35).

the electrodes indude (a) a first terminal elec-
trode (31) positioned in the first light-emitting

area (37a) and at a longitudinal end of the first

light-emitting area (37a) located closer to an
end (35a) of the transparent tube (35). (b) a
second terminal electrode (34) positioned in

the second light-emitting area (37a) and at a
longitudinal end of the second light-emitting

area {37b) located doser to the other end (35b)
of the transparent tube (35). (c) a first interme-
diate electrode (32) positioned in the first light-

emitting area (37a) and at the other longitudinal
end of the first light-emitting area (37a), and (d)

a second intermediate electrode (33) posi-
tioned in the second light-emitting area (37b)
and at the other longitudinal end of the second
light-emitting area (37b), and
the lead-in wires include (a) a first lead-in wire
(36a) connected to the first terminal electrode
(31) through the longitudinal end of the first

light-emitting area (37a). (b) a second lead-in
wire (36b) connected to the second terminal
electrode (34) through the longitudinal end of
the second light-emitting area (37b). (c) a third

lead-in wire (36c) connected to the first inter-

mediate electrode (32) through the other longi-

tudinal end of the first light-emitting area (37a).
and (d) a fourth lead-in wire (36d) connected to
the second intermediate electrode (33) through
the other longitudinal end of the second light-

emitting area (37b).

8
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6. The back-light emitting device as set forth in claim

5. wherein said inner space of said transparent tube

(35) is partitioned at the center, and said first and
second light-emitting areas (37a, 37b) extend to

longitudinal ends (35a, 35b) of said transparent 5
tube (35).

7. The back-light emitting device as set forth in claim

5. wherein the third and fourth lead-in wires (36c.

36d) form a T-shaped wire. 10

The back-light emitting device as set forth in claim

5, 6 or 7, wherein a distance between the first termi-

nal electrode (31) and the first intermediate elec-

trode (32) is equal to a distance between the

second terminal electrode (34) and the second
intermediate electrode (33).

9. A personal computer comprising:

(a) a first body (46a) including a structure act-

ing as a computer;

(b) a second body (46b) including a liquid crys-

tal display screen (47);

(c) a hinge structure (41) for connecting the

second body (46b) to the first body (46a) so
that the second body (46b) is rotatable relative

to the first body (46a):

(d) an inverter (42) housed in the hinge struc-

ture (41);

(e) a cold cathode fluorescent lanp (50)
housed in the second body (46b); and
(f) connection wires (49) for connecting the first

and second lead-in wires (36a. 36b) to the
inverter (42) through a wire port (48) formed at

the second body (46b).

the cold cathode fluorescent lamp (50)
including a transparent tube (35), elec-

trodes supported in the transparent tube

(35), and lead-in wires connected to the
electrodes,

characterized by that

the transparent tube (35) includes first and
second light-emitting areas (37a, 37b)
defined by partitioning an inner space of

the transparent tube (35) at the center, and.

extending to longitudinal ends (35a, 35b)
of the transparent tube (35).

the electrodes include (a) a first terminal

electrode (31) positioned in the first light-

emitting area (37a) and at a longitudinal

end of the first light-emitting area (37a)

located closer to an end (35a) of the trans-

parent tube (35). (b) a second terminal

electrode (34) positioned in the second
light-emitting area (37a) and at a longitudi-

nal end of the second light-emitting area

(37b) located closer to th other end (35b)
of the transparent tube (35). (c) a first inter-

mediate electrode (32) positioned in tiie

first light-emitting area (37a) and at the
other longitudinal end of the first light-emit-

ting area {37a). and (d) a second interme-

diate electrode (33) positioned in the

second light-emitting area {37b) and at the

other longitudinal end of the second light-

emitting area (37b), and

the lead-in wires include (a) a first leadHn
wire (36a) connected to the first terminal

electrode (31) through tiie longitudinal end
of ttie first light-emitting area {37a), (b) a
second lead-in wire (36b) connected to the

second terminal electrode (34) through the

longitudinal end of the second light-emit-

ting area (37b). (c) a tfiird lead-in wire

(36c) connected to the first intermediate

electrode (32) through the other longitudi-

nal end of the first light-emitting area (37a),

and (d) a fourth lead-in wire (36d) con-
nected to the second intermediate elec-

trode (33) through the other longitudinal

end of the second light-emitting area (37b).

and

ttie inverter (42) occupies either half of

inner space of the hinge structijre (41).

10. The personal computer as set forth in claim 9,

wherein each of the connection wires (49) has a
smaller thickness than thicknesses of the first and
second lead-in wires {36a, 36b).

35 11. The personal computer as set forth in claim 9,

wherein each of tiie connection wires (49) is com-
prised of a foil-shaped electrical conductor, and an
insulator covering the foil-shaped electrical conduc-
tor therewith.

75

20

25

30

40

45

so

55

12. The personal computer as set forth in claim 9,

wherein the wire port (48) is formed at the center of

a tx)ttom of the second body (46b).

13. The personal conputer as set forth in any one of

claims 9 to 12, wherein the first and second inter-

mediate electrodes (32, 33) are electrically con-
nected to high level terminals (43) of the inverter

(42), and the first and second terminal electrodes

(31, 32) are electrically connected to low level ter-

minals (44) of the inverter (42).

14. The personal computer as set forth in any one of

claims 9 to 12. wherein said inner space of said
transparent tube (35) is partitioned at the center,
and said first and second light-emitting areas (37a.
37b) extend to longitudinal ends (35a, 35b) of said
transparent tube (35).
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15. The personal computer as set forth in any one of
claims 9 to 12. wherein the third and fourth lead-in
wires (36c, 36d) of the cold cathode fluorescent
lanrp (50) form a T-shaped wire.

5
16. The personal computer as set forth in any one of

claims 9 to 12. wherein a distance between the first

terminal electrode (31) and the first intermediate
electrode (32) Is equal to a distance between the
second terminal electrode (34) and the second io

intemiediate electrode (33).
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